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The City of Nedlands is interested in the possibility of a renewable power system at their David 
Cruickshank Reserve and are interested in wind, solar and battery systems. The two main design 
challenges are catering to large overnight loads that outweigh all other energy use and working 
around the fact that five separate electricity meters supply the Reserve. 
The summary findings are that a wind power system is not feasible for the Reserve due to a 
combination of poor wind speeds and high capital costs, while certain small solar power systems 
across two buildings are considered good investments provided the Reserve remains eligible for 
the Renewable Energy Buyback Scheme offered by Synergy.  
Sensitivity analysis of the two solar systems show that they remain feasible even if capital cost is 
underestimated. None of the power systems analysed benefitted from the addition of a battery 
storage system, which not only was prohibitively expensive but also competed directly with cheap 
off-peak electricity rates in some cases. 
During the study, it was found that some of the electricity accounts at the Reserve may benefit 
from closer scrutiny as certain combinations of meters and tariffs are possibly paying more than 
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Glossary of Terms 
AC = Alternating Current: Output of an inverter or supplied by the grid  
Autonomy = Amount of time the load can be completely served by a battery 
Back Of The Envelope Calculation = Equation for estimating solar system size 
Bin = Defined, non-overlapping intervals in a set of data 
Candidate Site = the David Cruickshank Reserve 
City = the City of Nedlands 
Correlation = Statistical relationship between two variables 
DC = Direct Current: Output of a solar module and some wind turbines 
DoD = Depth of Discharge: Amount battery is discharged 
Electricity Meter = Device that connects the grid to the premises and is monitored by the 
utility company for billing purposes 
Grid = Network that connects electrical generators to consumers 
Guyed Tower = A type of wind turbine tower that uses guy-wires for lateral strength. Usually 
has the benefit of being cheaper due to less structural requirements on the tower itself. 
HOMER = Simulation software for renewable power, micro-grid, and standalone power 
systems  
Inverter = Device that converts DC to AC electricity. Usually Bi-directional 
Load Demand = Term describing electrical power draw 
Load Profile = Term describing behaviour or shape of load demand across the day 
LTC Data = Long Term Candidate: Approximately ten years of data at the Candidate site 
LTR Data = Long Term Reference: Approximately ten years of data at the Reference site 
MCP Method = Measure Correlate Predict: A process for synthesising data when direct 
measurements are not available using correlations between reference and sample sets of data 
MOR = Method of Ratios: A process for synthesising data when direct measurements are not 
available using ratios between reference and sample sets of data 
m/s = meters per second, a measure of velocity 
Noise = Statistical noise: expected variation or error in a sample of data 
Nominal Discount Rate = Rate at which money can be borrowed 
NPV = Net Present Value: The value of an investment discounted to present day prices 
Payback Period = The time it takes for an investment to pay itself off  
Peak Power = Maximum instantaneous power draw  
PRCCC = Point Resolution Child Care Centre: One of the five buildings at the Reserve 
PSH = Peak Sun Hours: Number of sun hours equivalent to 1000W/m^2 
Rated Power = Nominal output power when operating at rated conditions (ie. Rated wind 
speed) 
REBS = Renewable Energy Buyback Scheme: An incentive offered by Synergy to buy excess 
electricity from businesses and homeowners. Subject strict conditions. 
Reference Site = Swanbourne Weather Station 
SMA = Inverter manufacturer  
Solar Array = Array of connected solar modules, measured in kW 
Solar Module = Solar panel, device that generates electricity from solar radiation 
STC Data = Short Term Candidate Data: 12 months of data at the Candidate site 
STR Data = Short Term Reference Data: 12 months of data at the Reference site 
Synergy = Electricity retailer for Western Australia 
System Size = Maximum output of a power system, usually defined by the inverter rating  
The Reserve = the David Cruikshank Reserve 
Tubular Tower = Freestanding tower that is strong enough to stand without supporting wires 
WAsP = Software for wind resource assessment, siting and energy yield calculation for wind 
turbines and wind farms 
Weather Station = Collection of sensors used to measure various weather variables 
W = Watt: SI unit of power, equivalent to rate of consumption of energy. kW: kilowatt 
Wh = Watt-hour: SI unit for energy. kWh: kilowatt-hour 
Wind Turbine = Device that generates electricity from the wind 
 
1 
Chapter 1 Introduction 
1.1.1 Objective 
The City of Nedlands in Perth, Western Australia, is interested in a renewable power system for 
their David Cruickshank Reserve (the Reserve) to help offset electricity costs, carbon dioxide 
emissions and help garner a positive community image. After communicating their interest to Dr 
Jonathan Whale, Academic Chair of Energy Studies at Murdoch University, Murdoch University 
offered to conduct a pre-feasibility study as part of a student thesis project. After an initial 
meeting, the research scope was decided and work commenced. While this study considers 
multiple renewable sources, the City of Nedlands has indicated their preference for an assessment 
of wind power due the nature of the electricity usage at the Reserve. 
There are many factors to consider when assessing the suitability of a site for renewable systems 
when compared to other power systems, which are not reliant on fluctuating environmental 
conditions [1]. For example, the accuracy of the estimated wind viability will depend on the 
quality and availability of historical data. Assessing a site’s suitability for a renewable system is 
a long process and usually comprises most time spent on gathering and processing environmental 
data. As an overview, this project was broken down into four phases: 
 Phase One – Data Collection: Collection of wind, solar and load data, processing and 
verifying data integrity. 
 Phase Two – System Design: Size power system configurations with electrical and 
physical considerations in mind. Research specific components. 
 Phase Three – Economic Analysis: Simulate systems, calculate economic data.  




The Reserve is located approximately 8km south west of the Perth central business district (Figure 
1-1) and caters to various sporting clubs, facilities, and a child care centre. The Reserve completed 
renovations in April of 2016 which included the addition of the Adam Armstrong Pavilion, which 
replaced the old Collegians Football Club clubhouse, and an expanded car park [2]. 
The City of Nedlands indicated their interest in wind power due to the prevalence of wind power 
systems implemented by various other councils across the state including the City of Cockburn 
[3], and have taken the pro-active step of measuring wind data at the Reserve with a small weather 
station about one year prior to the commencement of this study. However, after an initial meeting, 
this study will also consider the viability of solar power systems. 
 
Figure 1-1: The David Cruickshank Reserve (Perth CBD in background) 
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The wind segment of this project draws from similar studies undertaken on behalf of the City of 
Rockingham [4] [5], however the use of the Wind Atlas Analysis and Application Program 
(WAsP) was not possible due to a lack of  complete contour maps for the area (the Reserve was  
on the edge of the contour map provided). The method employed by this study is a statistical 
process that is recommended by wind power literature [6] and further expanded upon in other 
studies [7] [8] [9]. The studies on behalf of the City of Rockingham found the average wind speeds 
for the Lark Hill Regional Sporting Complex to be suitable for small commercial wind power 
applications. These results are expected to differ from any derived from this study due to the 
difference in location and local terrain at the Reserve. 
The solar segment of this project draws heavily from Australian Standards, especially the design 
segment featured in AS/NZ4509.2 [10] which walks through the standard practice for designing 
a solar power system. The document is intended for residential installations, but also proves 
equally valid for small-scale commercial applications. 
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Chapter 2 Load Profile 
2.1.1 Description 
When designing any power system, we must consider the expected electrical demand (also known 
as ‘load’) to properly size the generator. This is particularly important for renewable systems 
which rely solely on fluctuating environmental conditions, where output can vary anywhere 
between zero and maximum rated power very quickly. A ‘Load Profile’ is required which gives 
a snapshot of the energy consumption across an average day and provides an insight into power 
loading as well as specific time of use and duration. The total consumption, as given in an 
electrical bill, isn’t enough information to work with. Such a document only states the total 
quantity of energy used across a certain period and doesn’t detail daily energy consumption. 
However, it can be used to verify results, as is done later in 2.1.4. 
2.1.2 Energy Audit and Survey 
The load profile can be directly measured at the site provided a smart meter has been installed 
along with logging software. This was not the case with the David Cruickshank Reserve, so the 
alternative is to estimate the load profile. This was achieved by conducting an energy audit of the 
facility, which quantified the number of appliances and their rated power. A survey was also 
completed by City representatives which approximated the appliance usage times, including 
automated and manual lighting, irrigation, and cooling. The peak power usually determines the 
maximum rating of the system, which typically occurs when the highest number of electrical 
appliances are running simultaneously.  
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The climate in Australia varies considerably with the seasons, hence the survey was separated 
into summer and winter components to account for the perceived best and worst case scenarios 
in terms of electricity usage. Of note is the irrigation system used at the Reserve, which operates 
every night from October to May for an average of 7 hours. Considering the size of lawns, ovals 
and gardens that are maintained, this system is expected to be a major contributor to the total load. 
See A.1.1 for an excerpt of the survey created for the client. 
2.1.3 Results 
The results of the survey presented what was subjectively considered a standard summer and 
winter week for the Reserve, with little to no electrical use during weekdays, and most of the 
loading occurring in the evening hours due to a combination of irrigation, carpark lighting (Figure 
2-1) and oval floodlights. Each day of the week has its own load profile and combines the total 
load of the reserve for the day. The survey was also sent to the current tenant of the Adam 
Armstrong Pavilion, the Collegians Football Club, for verification and corrections. Saturday was 
found to be the most demanding day during the week for both seasons, as club use during the day 
and night necessitated the use of oval lighting and kitchen refrigeration on top of the base load.  




The seven days were averaged together to form a representative single day profile for both 
summer and winter as a point of comparison. The load profiles were multiplied by a random noise 
factor with a standard deviation of 5% and a mean of 1 to create a more organic shape that would 
better represent reality without altering the averages. The simulation software utilized in this 
project, HOMER, also follows a similar procedure when a load profile is created to make it more 
realistic [11]. 
2.1.3.1 Summer Profile 
Figure 2-2 is an example of an average summer day profile in January (every day of the month 









Figure 2-2: Combined average Daily load profile (Typical summer day) 
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As can be seen, the 13kW and 11kW irrigation pumps dominate energy consumption and are run 
every night in the dry months. The peak load occurs each night of the week with the pumps and 
lighting running simultaneously at just over 35kWh. The lowest demand occurs in the early hours 
of Sunday morning and only represents lighting at around 2kWh (A.1.3.1). The average summer 
daily load is approximately 277kWh with a distinct diurnal profile resulting in an average demand 
of around 11.6kW. 









By comparison, Figure 2-3 shows an average winter day profile for July (each day of the month 
averaged). For the average winter profile of each weekday, see A.1.3.2. The irrigation system is 
deactivated for over four months of the year when Perth experiences the most rain (May to 
September) which drastically alters the shape of the load profile. The peak load is now just over 
16kWh at 6:45pm on Thursdays and Saturdays, which coincides with the use of oval floodlights 
by the football club. The minimum load is less than 1kWh and represents standby power of 
appliances. The automated lighting runs for a longer period due to the shorter daylight hours in 
the winter months and represents the biggest contributor to energy consumption. The average 
winter day load is approximately 122kWh with an average demand of around 5.1kW. 




If a single meter supplied all the electricity, then combining the total load as above would be 
acceptable, however five electricity meters supply the reserve. Each is subject to various tariff 
schemes and as such the City holds separate accounts for each. Several invoices were collected 
and analysed to confirm the estimated total energy consumption of the Reserve and give insight 
into how the electricity was distributed between the connections. Figure 2-4 shows one of the 
electrical cabinets. 
 
Table 2-1 summarises the information obtained from electrical invoices for the whole of the 
Reserve. Both R1 and R3 tariff schemes charge a different amount for on-peak and off-peak 
loading. In both cases, the on-peak period occurs from 8am to 10pm each day and the off-peak 
period occurs at all other times [12]. The L1 tariff scheme charges a fixed amount at all times and 
is the standard rate for small businesses. As these supply commercial entities, none of the meters 
under the above tariffs receive any revenue for excess exported electricity. 
Figure 2-4: Main Switchboard (Beatrice Road) 
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The Point Resolution Childcare Centre is metered under the C1 tariff scheme which is for not-
for-profit or charitable businesses. It is this tariff that is eligible for the Renewable Energy 
Buyback Scheme (REBS) for renewable systems up to 5kW in size, which pays $0.12/kWh for 
the first 20kWh exported per day and $0.13/kWh for all energy exported after that. The 
simulations conducted by this project assume the latter price for all exported energy by the 
PRCCC as 20kWh represents a tiny amount of energy for this facility.  
 
The invoices cover various time periods at different dates which sometimes overlap; in the 
absence of more complete data at the time of writing, it is assumed the contribution proportions 
calculated from the daily averages reflect the actual distribution of energy at the Reserve. Some 
liberty is required in this portion of the project; the survey itself was subjective, so it is prudent 
to remember that these profiles are approximations rather than exact figures. 
The total average daily load as given by these invoices is approximately 252 kWh. This lies within 
the range calculated by the energy audit and the survey which helps confirm that the load profiles 
calculated are good estimates. 
Table 2-1: Summary of electrical meters, building supplied and tariff scheme 
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2.1.5 Pump Validation 
The irrigation pumps used by the Reserve represent most of the load demand when used in the 
summer months, therefore it is important to confirm their power draw. The survey assumes that 
the pumps ran at rated power for the entire duration overnight; this can be checked against the 
manufacturers datasheet (See A.1.2). Both the SP46-8 13kW and SP46-7 11kW pumps are 
powered by MS6000 three-phase AC motors and are manufactured by Grundfos. The datasheet 





Where ηmotor is the motor efficiency and P2 is the power requirement of the pump, which can be 
obtained from the power-curve provided (A.1.2.1) if flow rate is known. The flow rate can be 
estimated using water usage data provided by the City (See A.1.2.3). The SP46-7 pump is located 
along Beatrice Road and used 6596 kL of water in the month of January, 2016. This is an average 
of around 213 kL per day or 8.4 L/second assuming a run time of seven hours each night. Using 
the power-curve provided, we find that at 8.4 litres per second, P2 = 9.25kW also gives a motor 
efficiency of 82.5% based on a motor loading of 85.45% (Ratio of P2 and rated power). Thus:  







Similarly, the SP46-8 pump operates close to rated power at 13.03kW and pumped 7104 kL of 





2.1.6 Battery Storage 
The load profiles indicate most of the power loading occurs at night; therefore, it may be 
economically feasible to store excess energy generated during the day. This mainly applies to 
solar systems, but can also extend to wind systems if the battery is used as a ‘power smoother’, 
which compensates for dips in turbine output.  A rough calculation can be used to estimate the 
battery bank capacity required to meet a desired autonomy time, or amount of time the battery 
can meet the entire load. If the autonomy time is set to cover the entire night period, then this 
value will be between 9.8 and 13.9 hours depending on season [13]. 





Where ηinv is the efficiency of the inverter (assumed to be 96% [14]) and DoD is the maximum 
Depth of Discharge for the battery (typically 80-90% for Lithium-Ion technology) [15]. The 
desired autonomy can be used in the calculation as the fraction of a day that the batteries should 
support the full load. If batteries alone are expected to support the combined load overnight, then 
all banks combined will need to average approximately 107 kWh in capacity across the year. 






















Summer (January) 138.7 0.41 90% 96% 65.80
Winter (July) 60.8 0.58 90% 96% 40.83
Summer (January) 62.7 0.41 90% 96% 29.78
Winter (July) 27.5 0.58 90% 96% 18.48
Summer (January) 12.5 0.41 90% 96% 5.92
Winter (July) 5.5 0.58 90% 96% 3.68
Summer (January) 18.1 0.41 90% 96% 8.59
Winter (July) 7.9 0.58 90% 96% 5.33
Summer (January) 47.9 0.41 90% 96% 22.72





























Chapter 3 Wind System 
3.1 What is it? 
The Earth is heated unevenly between different latitudes, with the equator receiving more solar 
energy per unit area than the poles due to spherical geometry [16]. In addition to the diurnal cycle, 
this temperature differential leads to heat flow through atmospheric and ocean currents. The flow 
of air can be harnessed to produce electricity with the use of wind turbines, which are mechanical 
power generators typically consisting of blades or aerofoils. When compared to fossil fuels, wind 
power is considered clean, plentiful, and considerably less harmful to the environment. When 
compared to alternative sources of renewable energy, wind power has the advantage of being 
cheaper to implement at up scaled utility level. This has led to wind power holding one of the 
largest fractions of renewable generation sources for the last few decades with an accompanying 
level of investment, research, and development.  
3.1.1 How does it work 
Wind turbines generate electricity by converting lateral air flow into torque, which is used to turn 
a generator. The power of the wind is dependent on air density and wind speed, while the 
maximum energy that can be harnessed by the turbine is dependent on rotor area and turbine 





Where Ek is the kinetic energy in Joules, m is the mass of the object in kilograms and v is the 




The air that passes through the swept area of a turbine over a period can be assumed to be 
cylindrical in shape (pressure differentials cause airflow to deflect in reality [18]), thus the kinetic 
energy of this volume of air considers the geometry of a cylinder [19] and the mass of air. The 
equation now becomes: 







Where 𝜌 is air density and r is the rotor radius.  
As can be inferred by this equation, the wind speed is the most substantial variable in the energy 
content of the wind which follows a cubic relationship. For example, air flow of double the speed 
will contain eight times the energy.  
Another major concept when it comes to wind power is wind shear. This describes the slowdown 
of air due to friction with the Earth’s surface, which is measured as ‘roughness length’. The 
surface roughness is influenced by obstacles and clutter on the ground such as grass, trees, and 
buildings. The following logarithmic relationship shows the effect of wind shear [20]: 









Where h1 and h2 are the two heights and z is the ‘roughness length’.  
In essence, wind speed can be thought of as increasing with a logarithmic relationship as altitude 
increases. 
When both concepts are considered, it is clear that a turbine placed as high as possible and 
exposed to the greatest wind speeds will see the greatest potential for generation and return on 





3.1.2 System Components 
A selection of wind turbines was chosen for simulation ranging from 2.5kW to 25kW rated power. 
The sizes were chosen based on availability of pricing and data and were not ‘sized’ to the load 
as is done later in 4.2.2 with the solar array. The issues related to arbitrarily selecting turbine sizes 
become moot as is shown in the economic analysis. The datasheets provided by the turbine 
manufacturers were often vague or imprecise, so some liberty was required when adding them to 
the HOMER library. A.1.4 shows an excerpt of the Proven 2.5kW turbine datasheet and the power 
curve provided which was difficult to read. For comparison, Figure 3-1 shows the estimated 






Table 3-1 lists the turbines selected as well as costs which were obtained from a previous study 
[4] and adjusted for inflation [21]. A.1.11 shows the linear approximation used to price the 
inverters. It is assumed that the price covers the cost of the tower for the two turbines that were 
linearly estimated; for all others, the tower is included in the cost. 
2.5 Proven 2.5 WT2500 $24,900.00 $29,418.64 15m
3 Southwest WHI-500 $33,205.00 $39,230.76 15m
5 Aerogenesis 5kW $36,800.00 $43,478.15 15m
6 Proven 6 WT6000 $44,500.00 $52,575.48 15m
10 Australian Wind System AWS 10kW $106,811.30 15m
15 Proven 15 WT1500 $193,669.00 $228,814.38 15m
18 Hush Wind Power HAWT $116,900.00 $138,114.01 20m




Make Model 2008 Cost 2016 Cost
Table 3-1: Selection of wind turbines and adjusted prices 




Before a wind turbine can be installed, the site of interest must be examined for wind power 
suitability [6]. Local terrain, which includes buildings and trees, can ‘shade’ wind turbines and 
the terrain over a much larger area influences the wind speed through wind shear [20].  
The site must have ample space for a turbine and its foundation, which may cover a large area if 
a guyed tower is used compared to a tubular free standing tower, and the height of the tower may 
be limited by local regulations as well as other aesthetic considerations. From an engineering 
standpoint, the main consideration is wind speed and how it behaves on a daily and seasonal cycle.  
The most accurate and direct way to understand this behaviour is to install a weather station at 
the site of interest and collect both wind direction and speed data for a long period, typically a 
few years and ideally over ten years. The data can be compiled into frequency distributions that 
predict the likelihood of speed values and associated directions.  
A statistical approach to turbine siting is called the Measure-Correlate-Predict method. This takes 
data from a nearby weather station that has collected measurements over a long period (typically 
more than ten years) and ‘converts’ it, to approximate data as though it was measured at the site 
of interest. To achieve this, a weather station must be installed at the candidate site so that short-
term data can be used to draw correlations between wind direction and wind speeds.  
3.2.1 Collecting Wind Data 
The City of Nedlands installed a Campbell Scientific ET107 weather monitoring station (Figure 
3-2) on the roof of the main pavilion of the Reserve and have collected wind data from September 
2015 too present. This short-term candidate (STC) data provides insight into environmental 
behaviour across the seasonal cycle at the Candidate Site. This data does not provide sufficient 




Long term candidate (LTC) data can be synthesized with correlations drawn from this STC and 
long-term reference (LTR) data obtained from a nearby reference site.  
 
3.2.2 Measure Correlate Predict Method 
The following steps detail the Measure Correlate Predict (MCP) procedure conducted [6] [7], 






Figure 3-2: ET109 weather monitoring station (Roof of Adam Armstrong Pavilion) 
Figure 3-3: Measure Correlate Predict flowchart and definitions 
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Step 1: Measure STC data 
STC data was collected over 12 months at an altitude of 10m. Wind speed is measured in one 
second intervals and averaged hourly. The spot readings are not stored. Wind direction is taken 
as a bearing and is also averaged over an hour.  
Step 2: Obtain LTR data that also contains the STC interval  
LTR data was obtained courtesy of the Bureau of Meteorology. The reference site is in 
Swanbourne approximately 5.6km away [22] from the Candidate Site (See Figure 3-4), with data 
measured at 40m altitude and averaged half-hourly. Wind direction is recorded as one of sixteen 








Step 3: Match up time and date stamps of STC and LTR data 
The period covered by the STC data must coincide with the same period in the LTR data. The 
half-hourly readings in the LTR were averaged into hourly averaged data so that the time and date 
stamps aligned.  
Figure 3-4: Satellite Imagery showing Reference and Candidate sites 
Source: “Nedlands” 31°58’05.75”S115°50’32.46”E. Google Earth.  
November 15, 2015. October 31, 2016. 
 
19 
This is not a simple process, as averaging compass bearings is mathematically challenging. As an 
example, the intuitive average of North-West and North-East bearings is North; however, the 
mathematical result is the reciprocal result of South. The challenge lies in the fact that compass 
bearings do not lie on a continuous range (1 degree is only 3 degrees separated from 358 degrees). 
This was achieved through a series of rules in Excel and projecting compass bearings onto a 
continuous range as per A.1.30. Combining wind speed measurements was a simple process of 
averaging two numbers. 
Figure 3-5 is a sample of the conversion spreadsheet which converts half-hourly raw data on the 
left into hourly averaged data in the centre with the continuous range conversion helpers on the 
right. 
 
Any measurement intervals that are missing in the STC must be skipped in the reference data as 
well. Once complete, there will be a set of short-term reference (STR) data that matches with the 
STC data. See Figure 3-6 for excerpt of both sets of short-term data lined up one-to-one with error 
checking algorithms on the right, which checked for missing entries. 




The range of short-term hourly data spans approximately a year from 30 September 2015 to 21 
September 2016 with an error of 2.4% representing missing entries or erroneous readings. 
Step 4: Correlate short-term wind direction data to get direction correlation factor 
All wind speeds below 3m/s were ignored for this step in order to reduce scatter [6]. Direction 
data from both sites were plotted against each other with the reference site on the X-axis. Forcing 
a linear trend line through zero gives a correlation coefficient relating the direction of one site to 
the other. See Figure 3-7 for correlation graph with trendline information. See A.1.7 for more 








Figure 3-6: Excerpt of spreadsheet with STC and STR data matched up 
Figure 3-7: Wind direction linear correlation graph 
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Step 5: Correlate STC and STR wind speed data per wind direction bin 
The STC data was sorted into sixteen direction sectors, with the matching time and date STR 
reading placed into the same group. A linear trend line was forced through zero and a separate 
correlation coefficient calculated for each sector. Figure 3-8 gives an example of two direction 
bins and their speed correlations. See A.1.6 for more detailed regression information and 









Step 6: Adjust LTR data 
Adjusted LTR reference directions by a value proportional to the correlation coefficient calculated 
in step 4. For example, a correlation of 0.9715 approximately equates to an anti-clockwise shift 
of all wind measurements at the reference site by 10.2 degrees to line up with the wind directions 
measured at the candidate site. This is a global adjustment that reflects the average deviation 
between sites and could be improved with further research (See 3.3.4). 
 
 
Figure 3-8: Excerpt of wind speed correlation graphs 
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Step 7: Bin adjusted LTR data into wind direction sectors, adjust wind speeds, synthesize 
LTC data 
The correlation coefficients calculated in step 5 are used to adjust the wind speeds of the LTR 
data. This considers differences in surface roughness, topography, and measurement altitude. For 
example, all Westerly wind speeds measured at the reference site are multiplied by a correlation 
coefficient of 0.724, which aligns with the expectation that candidate measurements at 10m will 
be lower due to the wind-shear relationship (See 3.1.1).  
3.2.3 Verification 
The LTC data generated via the MCP method must be validated before its results can be accepted. 
Comparing the data to the results from a Method of Ratios (MOR) [6] would be one way to 
ascertain if the data is valid, as would using other statistical methods or a software package such 
as WAsP (as mentioned previously). This is a much simpler statistical method that finds the ratio 
between long-term and short-term monthly averages for a reference site and then applies these 
ratios to short-term candidate site data to generate long-term averages. See Equation 7 for ratio 





Where VLTC is the long term monthly average wind speed at the candidate site, VSTC is the short 
term monthly average wind speed at the candidate site, MLTR is the long term monthly average 
wind speed at the reference site, and MSTR is the short term monthly average wind speed at the 




Using the LTR and STR data obtained at the start of the project, a table of monthly averages can 
be obtained using Excel’s inbuilt pivot-table feature. As the reference and candidate sites are in 
relative proximity, this method assumes that the ratio between monthly averages from the latest 
year and the monthly averages over the long-term will exactly match the candidate site ratio. 
Therefore, the ratio from the reference data is multiplied by the STC averages to approximate the 
LTC monthly averages. Table 3-2 shows the results of the MOR. 
 
The monthly average wind speeds calculated by the MOR can now be compared to those predicted 





Average of STR 
Wind Speed 
Average of STC 
Windspeed 




(STC x Ratio) Average of 
LTC Windspeed (m/s)
1 4.460 3.325 5.630 1.262 4.197
2 4.471 3.335 5.384 1.204 4.016
3 4.234 3.167 5.048 1.192 3.777
4 3.838 2.751 4.466 1.164 3.202
5 3.784 2.464 4.569 1.207 2.975
6 3.539 2.395 4.875 1.378 3.300
7 4.306 2.860 5.031 1.168 3.341
8 4.299 2.919 4.939 1.149 3.354
9 4.104 2.865 5.295 1.290 3.696
10 3.872 2.798 5.165 1.334 3.732
11 4.663 3.329 5.524 1.185 3.944
12 5.124 3.682 5.679 1.108 4.081
Grand Total 4.228 2.995 5.128 1.213 3.633











An average of 8.38% error between monthly averages can be attributed to the simple process of 
the MOR calculation, which works on an assumption across all wind speeds and does not consider 
all the separate wind directions like the MCP method does. Therefore, the results produced by the 
MCP method can be considered accurate. 
3.3 Results 
3.3.1 Wind Results 
Once LTC data has been synthesised with the MCP method and verified with the MOR method, 
the results can be analysed. The LTC data set contains over 200,000 half-hourly entries with just 
under 1400 missing. This is in line with the blanks in the original LTR data where the Swanbourne 








1 4.197 3.703 13.32%
2 4.016 3.624 10.82%
3 3.777 3.361 12.36%
4 3.202 2.928 9.35%
5 2.975 2.938 1.25%
6 3.300 3.106 6.22%
7 3.341 3.184 4.95%
8 3.354 3.175 5.63%
9 3.696 3.505 5.46%
10 3.732 3.322 12.32%
11 3.944 3.606 9.38%
12 4.081 3.727 9.50%
Average 3.634 3.342 8.38%
Standard Deviation 0.392 0.286 3.67%
Variance 0.154 0.082 0.13%
Table 3-3: Comparison of results from MOR and MCP methods 
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The correlation coefficients used to convert LTR to LTC data in the MCP method not only 
account for the differences in terrain and location, but also account for difference in measurement 
height at both sites. Therefore, the LTC data represents wind speeds and direction at the same 
height as the weather station on the roof of the Adam Armstrong Pavilion at 10m altitude. This 
information is not useful for predicting wind turbine performance, so the data must be 
extrapolated to a typical turbine hub heights of 15m and 20m altitude. 
The roughness length for this project was estimated to be 1.5m which is associated with suburbia 
as per the HOMER Energy user manual [23]. It should be noted that assigning a roughness length 
to a site is a purely subjective exercise and can even differ based on wind direction sector. This 
project originally estimated a roughness length of 0.6m which was defined as rougher than a small 
town but not as rough as a large city with tall buildings [24]. This was later changed in favour of 
the HOMER value as it provided a much more specific definition. As can be seen by the wind 
shear relationship in 3.1.1, the LTC wind speeds at 10m altitude increase when scaled up to 20m 
altitude. 
The LTC data ranges from 2015 to 2016 and hints at a slight long term decrease in annual average 
wind speed at both the measured height (10m) and the turbine height (20m), as shown in Figure 
3-9. This may be part of a larger climate cycle or it could be due to the effects of climate change 
[25], however the observation period is likely too short to fully conclude this behaviour. If the 
trend is not cyclical, then continued decrease in average wind speed will prove detrimental to a 










The overall mean wind speed found was 3.34m/s at 10m, 3.82m/s at 15m, and 4.17m/s at 20m 
altitudes. It should be noted that the data is skewed, so the most frequently occurring speeds are 
2.88m/s, 3.29m/s and 3.59m/s for the same altitudes. The wind direction is the same for all 
altitudes and shows a strong tendency for morning Easterly and afternoon South-South-Westerly 
winds.  Figure 3-10 and Figure 3-11 show the wind speed frequency distribution at 10m altitude 
and the associated ‘wind rose’ or wind direction frequency distribution respectively. For more 








Figure 3-9: Annual average wind speed, 2005 - 2016 












Figure 3-12 and Figure 3-13 show the wind speed frequency distribution at 15m and 20m altitude, 
respectively. It is interesting to note that not only does the distribution shift right due to increased 








Figure 3-11: Candidate site ‘Wind Rose’ wind direction frequency 
distribution 















The LTC data follows a Weibull probability distribution closely, with a shape factor of 2.35 as 
reported by HOMER (See A.1.18). This is significant as wind turbine manufacturers usually 
provide performance data based on a Rayleigh Distribution [26], which is a type of Weibull curve 
with a shape factor of 2 [27]. It should also be noted that higher values of shape factor are 
associated with a higher probability of wind speeds around the median speed [26]. Figure 3-14 
shows the LTC data wind speed probability distribution, which shows the proportion of data spent 
within narrow wind speed bands or bins.  
Figure 3-13: Candidate site wind speed frequency distribution at 20m altitude 
Wind speed 
Characteristics 
10m Altitude 15m Altitude 20m Altitude
Average (m/s) 3.342 3.824 4.165
Median (m/s) 3.016 3.451 3.759
SD (m/s) 1.633 1.869 2.036
Max (m/s) 13.473 15.414 16.792
Mode (m/s) 2.881 3.296 3.590
Variance (m/s) 2.667 3.492 4.144











The turbines were paired with an appropriately sized inverter, generally made by SMA but other 
brands were used pending availability. The LTC data, turbine data and inverter characteristics 
were entered into HOMER for a rough first pass simulation. The separate loads of the Reserve 
were assumed to be a combined profile which was simulated at the C1 and R3 tariff rates to 





This assumption oversimplifies the economics of the simulation; however, it is sufficient for an 
initial viability check. Separating the loads into their separate profiles as measured by each meter 
likewise multiplies the number of simulations and time required by a factor proportional to the 
number of variables, namely load, tariff, turbine and other special conditions (as is done later in 
Chapter 4 with the solar analysis) 
Figure 3-14: LTC wind speed probability distribution with Weibull probability curve 
Table 3-5: Summary of C1 and R3 tariff schemes 
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Some other considerations include: 
 The turbine can directly feed the entire load 
 20% of capital cost is added and assumed to cover installation and maintenance  
 The project life is 20 years 
 A nominal discount rate of 7% was assumed 
 Expected inflation rate of 1.3% was assumed for the entire project (Rate at the time of 
writing) [28] 
 The inverter rating can differ from turbine rating if feasible 
3.3.2.1 Combined Load Profile 
The wind power system with the highest Net Present Value consists of a Proven 2.5kW turbine 
and a 1kW inverter, at -$29,480. This wind system requires an initial capital investment of around 
$37,700 which covers the cost of the turbine, tower, inverter, foundation, and installation. This 
system was simulated with a combined load for the entire Reserve under the R3 tariff scheme, 
although the simulation under the C1 tariff scheme produced essentially the same results. In both 
cases, the simulation found all possible system configurations never produced enough energy to 
offset their capital cost and that no system at all was the best-case scenario. The simulation only 
gets worse if a larger turbine is considered as the capital costs substantially increase with no 
additional generation, relative to cost. The wind speeds at the site are considered poor for a wind 
power system, so it is irrelevant which turbine is selected as there is little practical energy that 










The generator output in both simulations had a capacity factor of 12.58% which translates to a 
mean output of 0.31kW which indicates that even the smallest turbine considered in this project 
is severely underutilized due to poor wind speeds. As the Reserve uses almost all the energy 
produced by the turbine, there are no grid exports. As this is the case, there is no benefit to the C1 
tariff and the ability to sell energy through the REBS for this simulation. Figure 3-15 illustrates 
the meagre generation (red) when compared to the demand (blue) at the Reserve for the first three 
days.  
Table 3-6: Summary of combined load wind 
simulation 
Figure 3-15: Excerpt of load demand and 2.5kW wind turbine output 
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As is shown, the wind is consistent throughout the day apart from slight afternoon peaks at around 
3pm. This consistency renders storing energy with batteries irrelevant and it is expected the high 
capital cost of installing a battery bank will only be detrimental to the results. See A.1.20 and 
A.1.21 for HOMER simulation outputs.  
3.3.2.2 Sensitivity Analysis 
Based on historical trends [29], the price of electricity is expected to rise in the future which 
increases the incentive to install a renewable power system. The price of small wind turbines is 
hard to judge due to the lack of demand in the area when compared to solar panels; however, to 
produce the best possible case scenario results from the sensitivity analysis, it is assumed the cost 
of the Proven 2.5kW wind turbine and inverter was overestimated in the initial analysis. The 
simulation was repeated with a 20% increase in electricity prices and a 20% decrease in capital 
cost. This was done to emphasise the unfeasibility of a wind turbine at the Reserve. Table 3-7 







Again, the proposed wind system is still economically unfeasible regardless if the combined load 
is assumed to be under the C1 or R3 tariff. At this point, it is obvious a wind power system will 
never be feasible at the Reserve hence redoing the simulation for every separate variable is not 
necessary. 
Combined Load R3 Tariff C1 Tariff
Turbine Proven 2.5 DC Proven 2.5 DC
Turbine Size (kW) 2.5 2.5
Inverter Size Size 
(kW)
2 2




Base Case Electricity 
Cost ($/yr)
17,353.00$      23,121.00$      
Annual Cost Offset 864.00$            857.00$            
Renewable Fraction 3.7% 3.7%




NPV (21,540.00)$    (21,625.00)$    
Table 3-7: Summary of combined load wind 




The results obtained through the MCP method showed the wind resource for the Reserve was 
poor at the measured altitude of 10m with a long-term average of 3.34m/s, while the turbine 
heights of 15m and 20m showed long-term averages of 3.82m/s and 4.17 m/s, respectively. 
Comparatively, the typical cut-in speed (the wind speed needed to start generating power) for the 
turbines considered in this study is around 3m/s, with the Proven 2.5kW wind turbine having a 
slightly lower cut-in speed of 2.5 m/s.  
Simulating a wind power system using the variables available shows that no wind power system 
rated at or above 2.5kW will ever be economically feasible for this site. This is due to a 
combination of poor wind speed and relatively high capital costs involved in purchasing a wind 
turbine and installing it in a suitable location. The optimal system, as calculated by HOMER, 
always gravitated towards the smallest possible turbine in an effort to drive the capital costs to 
minimum. Forcing the simulation to consider larger turbine sizes increased the capital cost at a 
rate much higher than the increase in output power. The results were the same even when the 
separate electricity meters at the Reserve were disregarded and the load combined on one meter 
to simulate the best possible scenario, even though this was a gross simplification of the billing 
arrangement.  
In addition to this handicap, the sensitivity analysis revealed that even a decrease in capital cost 
and an increase in electricity prices did not increase the NPV of the system enough to be feasible. 
Further analysis revealed that for the proposed system to pay itself off after 20 years: 
• Capital cost (including installation) would need to be reduced by 85% of the value 
considered  
• Wind speed would need to increase by a factor of 2.3 (average of 8.53m/s at 10m) 
• The price of electricity would need to increase by a factor of 6.5 
• Some combination of the above 
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Apart from the economic issues plaguing the proposed wind power system, another issue was 
the physical constraints of installing a turbine. Based on satellite imagery of the Reserve, there 
was not enough space to install a guyed tower without interfering with the sports facilities. 
While the requirements differ between different manufacturers, it can be assumed that the 
footprint required by the guy wires would be close to the height of the tower itself, as shown in 
Figure 3-16. A freestanding tower would be required instead which, due to extra structural 




The accuracy of the LTC data can be further improved by improving the direction correlation in 
step 4. Instead of directly correlating all wind directions, the measurements can be separated into 
direction bin sectors (as was done with the wind speed correlation) and a different correlation 
coefficient for each can be calculated for each [30]. Additionally, leaving the linear trend lines as 
generated on the wind speed correlations and not forcing the intercept to be zero would create a 
more accurate correlation relationship between the candidate and reference sites of the form:  
Figure 3-16: Piney Lakes Environmental Education Centre, 5kW Westwind turbine 
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𝑆𝑇𝐶 = 𝑚(𝑆𝑇𝑅) + 𝑐 
 
Where m is the gradient of the trend line (the correlation coefficient used earlier) and c is offset 
between candidate and reference wind speeds. This would allow for a better linear representation 
of the correlation within each direction sector, provided there were enough data points [6] at the 
cost of increased complexity. The level of accuracy provided by zero-intercept trend lines was 
not required for the demands of this project as it is a pre-feasibility study. It should also be noted 
that some of the wind direction sectors did not have many data points and would have likely 






Chapter 4 Solar System 
4.1 What is it? 
Approximately half of the solar radiation the Earth receives is reflected into space or absorbed by 
the atmosphere as heat. The remainder reaches the surface scattered mostly across the visible 
spectrum, where it is also reflected or absorbed [31]. This energy can be captured by solar power 
systems which typically come in two varieties; solar thermal and photovoltaic. Solar thermal 
systems absorb sunlight (either directly or with reflectors) to heat steam to drive turbines, however 
they usually do not scale down well for electricity production and are instead preferred for heating 
water [32]. Solar photovoltaic systems convert sunlight directly into electricity by taking 
advantage of positively and negatively charged silicon wafers. Due to these considerations, as 
well as falling production costs, solar photovoltaic systems are the preferred technology in 
residential and commercial applications. However, it is interesting to note that unlike solar 
thermal systems, photovoltaic panels perform worse the hotter they get due to increased resistance 
in circuitry. 
4.1.1 How does it work 
A solar cell, put simply, is made up of two layers of silicon. The top N-Type layer is typically 
doped with phosphorous which gives it spare electrons and an accompanying negative charge. 
The bottom P-Type layer is typically doped with boron which gives the silicon an electron 
deficiency and an accompanying positive charge [33]. The silicon can be doped with several 
different impurities and manufactured in a variety of ways, however the fundamental process 
remains the same. Incoming solar energy excites the spare electrons in the N-Type silicon, which 
are knocked out of their orbitals and can be made to do work if they are directed through a circuit 
[34]. A solar module is made up of many connected solar cells and increases in power output the 










The orientation of a potential solar array is extremely important and must be considered for best 
performance. Solar modules produce maximum energy when irradiance is perpendicular to the 
cells, so the placement of the array should be where they will receive the most amount of direct 
sunlight across the year. In addition to daily movement, the sun also changes maximum solar 
altitude with the seasons. In Australia, solar arrays should face north as close to the latitude angle 
(~32 degrees) as possible for the best possible exposure all year round.  
4.1.2 System Components 
The system design in this project focusses on overall viability and less on the specifics of the 
components. Because of this, only one model of solar panel was considered which greatly reduced 
the number of variables and simulation runs. The Hi-Pro 280W solar module selected is 
manufactured by Talesun and utilizes monocrystalline PV technology. The module is 17.2% 
efficient at standard test conditions and is priced at $210 per module [35] at the time of writing. 
At $0.75/W, this module represents one of the best value panels on the Australian retail market 
and should not require replacing during the life of the project as the output power is guaranteed 
to be no less than 80% after 25 years. For more information, an excerpt of the datasheet can be 
found in A.1.9. 
Figure 4-1: Close-up of photovoltaic solar cells 
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The solar inverters used in the simulations ranged in size from 1kW to 50kW and were modelled 
as generic units in HOMER with a bi-directional efficiency of 98%. The pricing was largely based 
off SMA inverters [36] which was correlated with rated size and used to estimate costs if pricing 
could not be found. A.1.11 shows the linear approximation used to price inverters. 
4.2 Method 
If designed improperly, solar power can work out to be one of the most expensive sources of 
renewable energy and as such, careful consideration must be given to correct system size for the 
expected demand, location, layout, and available irradiance. Estimating the size of a solar array 
requires two things; long term irradiance data and an accurate load profile of the site. The 
irradiance data, like wind, can be measured directly at the site with the use of a pyranometer, 
however unlike wind, terrain has less of an influence on solar energy. The only consideration 
would be shading from local obstacles, such as nearby trees and buildings. As such, obtaining 
long-term irradiance data was made simple, courtesy of NASA [37]. 
4.2.1 Obtaining Solar Data 
Global solar irradiance data was accessed through NASA’s POWER project database [5] which 
has utilized over 22 years of satellite measurements to produce accurate monthly-averages. The 
co-ordinates of the Reserve (-32.001°N, 115.794°E) were submitted to get site specific irradiance 
information, which was presented in Peak Sun Hours (PSH). This value indicates the amount of 
irradiance equivalent to the number of hours at 1000W/m2 solar energy [6]. For example, the 
monthly average PSH at this site for January on a 17-degree tilted north-facing surface is 8.17 
hours. See A.1.5 for table of PSH values.  
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A site visit to the Reserve revealed that three of the four main buildings had unshaded North-
facing roof surfaces. The Point Resolution Child Care Centre (PRCCC) has a large play area for 
children which is shaded by at least four large trees on the North side of the building. It is possible 
the shading will interfere with a solar installation and the City has expressed that they do not wish 
to remove any of the vegetation at the Reserve. 
 
Conversely, the Adam Armstrong Pavilion benefits from being the largest and newest building as 
well as having a large and tilted roof surface facing North. Both the Tennis and Lawn Bowl club 
rooms are older tiled buildings with slightly more complex roof geometry; however, both still 
have adequate surface area on the North side.  
 
Figure 4-2: The Point Resolution Chile Care Centre 
Figure 4-3: The Adam Armstrong Pavilion 
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The POWER project database generates irradiance data for tilted surfaces of various angles. 
Inspection of the building plans reveals that the selected roofs have a slope of around 20 degrees, 
hence the closest dataset, calculated at 17 degrees, will be used. Monthly PSH values are shown 









4.2.2 Array Sizing 
The size of a solar array can be estimated using a ‘back of the envelope’ calculation (as stipulated 
in AS/NZS5409.2 [10]), provided average daily load and average daily PSH are known; however, 
the arrangement of the electricity meters makes this project slightly more complex.  
𝐴𝑟𝑟𝑎𝑦 𝑆𝑖𝑧𝑒 (𝑘𝑊) =  
























The Reserve is supplied by several meters which are subject to differing tariff rates and loads. As 
it happens, each meter supplies one of five buildings. Normally, the combined load as measured 
by all the meters would be used but as is explained in 2.1.4, a commercial entity is not entitled to 
a feed-in tariff which means that all exported energy is essentially wasted as it does not generate 
revenue. Because of this, installing a system on one building (connected to one meter) sized to 
cover the load of the entire facility will only offset the electricity demand on that particular circuit 
and the large amount of excess will essentially be wasted. Therefore, the array size must be 
estimated for each building and its respective load. 
Table 4-2 summarises the ‘back of the envelope’ calculations for each of the proposed solar 
arrays; one for each electricity meter. The estimated array sizes for both summer and winter 
conditions, which are subject to differing loads, irradiance, and temperature, are averaged to give 
the suggested array size that will meet the entire load year-round. The calculation process is 
detailed in AS/NZS 4509.2 “Stand Alone Power Systems, Part 2: System Design” [10]. 
The derating factors account for inverter efficiency, temperature and dirt or dust losses as well as 
manufacturing defects in the panels. AS4509 assumes 0.95 for f-man, while the inverter efficiency 
was assumed to be 96%, which is slightly lower than expected for an SMA inverter [38], but 
allows room for error if other brands are selected. F-dirt takes into account the build-up of dirt or 
dust on the panel face, which is set slightly higher in winter as it is assumed the panels will be 
self-cleaning due to more frequent rainfall. Per AS/NZS4509.2, the temperature derating factor is 
calculated as follows: 
𝑓𝑡𝑒𝑚𝑝 = 1 + (𝛾(𝑇𝑐𝑒𝑙𝑙,𝑒𝑓𝑓 − 𝑇𝑠𝑡𝑐)) 
Where γ is the power temperature co-efficient, Tcell,eff is the effective cell temperature at average 
air temperature and Tstc is cell temperature at standard test conditions. From the panel datasheet 
(A.1.9), γ is -0.31%/°C or -0.0031/°C and the average cell temperature was taken to be 25°C 
above average maximum air temperature at 56.2°C and 43.4° for January and July respectively.  





𝑓𝑡𝑒𝑚𝑝,𝑤𝑖𝑛𝑡𝑒𝑟 = 1 + (−0.0031(43.4 − 25)) = 0.94 
 
It is interesting to note that the ratio of summer to winter load is very similar to the ratio of summer 
to winter irradiance, such that the recommended array sizes for both summer and winter 
calculations provide similar results. The array sizes reflect the portion of the total load that is 
offset on each building and the combined array is just under 46kW. The ‘back of the envelope’ 
calculation assumes the design will completely cover the load; however, when considering an 
economic analysis, it may be more practical to only cover a portion of the load with a smaller 
system. 
It is one thing to estimate theoretical system size and another to consider the physical constraints 
of installation. ‘As Constructed’ building plans for were provided by the City of Nedlands and 
were used to estimate the available North-facing roof area of each building. Table 4-3 lists the 
estimated area of the proposed roofs, calculates the maximum number of panels that could fit and 
the number of panels suggested by the previous calculation. Roof sizing will assume a 20cm 
exclusion zone around each roof edge to reduce wind loading (as per AS/NZS5033 [39]) and a 
2cm gap between all modules.  
 
 





As shown, the PRCCC and the Tennis Club do not have sufficient roof area available to host the 
suggested array size. The simulation range for both buildings will consider the available roof area 
as the upper limit for array sizes.  
 
Table 4-3: Estimated North-facing roof area for each building 
Figure 4-4: Dalkeith Tennis Club clubhouse 
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The Adam Armstrong Pavilion has by far the largest roof space available for a solar system; room 
enough for all five arrays combined as a 46kW system. This layout would be ideal as it would 
centralise all the equipment, planning and labour needed as well as reduce the number of inverters 
to one or two higher rated pieces. It is unfortunate that the Reserve is arranged into separately 
billed electricity meters which makes this scenario impossible, however as an academic point of 
comparison this hypothetical array will also be simulated, as was done with the wind system. 
4.3 Results 
4.3.1 Economics 
4.3.1.1 Combined load profile 
If the demands from each electrical meter are treated as a single load profile on the Adam 
Armstrong Pavilion, this would be considered the best-case scenario for the Reserve. This 
scenario is purely hypothetical, as excess energy on four of five meters do not generate revenue 
when exported back to the grid, thus do not offset the electricity used elsewhere in the Reserve. 
This simulation is purely academic and serves to illustrate the best-case scenario for the Reserve 
if it was to arrange all the buildings at the site to be connected to a single meter, which may assist 
the City of Nedlands in future project planning. 
The maximum system size considered in this simulation was 46kW which will fit entirely on the 
Adam Armstrong Pavilions North-facing roof. The solar data, load profile, panel and inverter 
characteristics were entered into HOMER for a rough first pass simulation. As with the wind 
analysis, all the simulation considerations used in 3.3.2 remained in effect for the solar analysis. 
The simulation was conducted twice with different tariff schemes; The R3 tariff with no REBS 
and the C1 tariff with REBS. Refer to Table 3-5 for the pricing structure. 
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The optimal array size for a combined load on the R3 tariff is around 9kW. This is the best balance 
between capital cost and electricity cost offset. It should be noted that the system size is only 
4kW, as limited by the inverter. This is acceptable in this case as having a smaller inverter reduces 
the overall cost while the solar array can generate more energy in the mornings and evenings. The 
output is ‘capped’ at the inverter rating, however the balance between lost peak power and cost 
savings is considered. Figure 4-5 demonstrates the difference between similarly priced systems 
with different inverter ratings and array sizes. Due to the nature of the load demand at the Reserve, 
all the simulations have tended towards lower inverter ratings. 
 
When electricity pricing is changed to the C1 tariff, the simulation ‘runs away’ and never settles 
on an optimal system arrangement. This is due to the increasing ratio between export revenue and 
capital cost; the larger the solar array, the more excess power is sold. It is prudent to remember 
that REBS eligibility only extends to commercial non-profit systems up to 5kW, which puts a 
limiter on system size. The 5kW inverter is paired with over 12kW of solar modules which pushes 
capital cost to just under $15,000. 
 













It is interesting to note that while the C1 tariff scheme generates export revenue, the system on 
the R3 scheme has a higher NPV over the course of the project. This is due to the on-peak/off-
peak pricing structure lining up with the load profile where most of the electricity is bought for 
the low cost of $0.12/kWh.  
Combined Load R3 Tariff C1 Tariff
Optimal Array Size 
(kW)
9 12.3
Inverter Size (kW) 4 5
Number of Modules 32 44




Base Case Electricity 
Cost ($/yr)
14,462.00$      19,268.00$      
Annual Cost Offset 3,213.00$        3,268.00$        
Renewable Fraction 15.6% 19.5%




NPV 26,138.00$      23,611.00$      
Table 4-4: Combined load solar simulation 
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4.3.1.2 Separated Load Profiles 
The nature of HOMER means that each of the five solar arrays must be simulated one at a time. 
The solar data, load profile, panel and inverter characteristics were entered into HOMER with the 
load data changing between each simulation run. All the economic considerations used in 3.3.2 
remained in effect for the solar analysis and the tariff rates given in Table 2-1 earlier were applied 


















Load Contribution 49.5% 49.5% 22.4% 4.5% 6.5% 17.1%
Optimal Array Size 
(kW)
10.1 4.5 2.2 1.1 1.1 1.1
Inverter Size (kW) 5 2 1 1 1 1
Number of 
Modules
36 16 8 4 4 4
Capital Investment 12,437.00$           6,468.00$              4,135.00$    3,127.00$     3,127.00$     3,127.00$    
Annual Generation 
(kWh)




9,762.00$              9,762.00$              3,242.00$    879.00$        729.00$        3,372.00$    
Annual Cost Offset 2,535.00$              1,175.00$              738.00$       126.00$        181.00$        368.00$       
Renewable Fraction 31.3% 12.0% 12.3% 14.4% 13.7% 10.9%
Simple Payback (yr) 4.91 5.51 5.61 n/a 17.29 8.49
Discounted Payback 
(yr)
6.29 6.88 7.04 n/a n/a 12.22
NPV 17,114.00$           7,216.00$              4,430.00$    (1,625.00)$   (1,000.00)$   1,151.00$    
Table 4-5: Solar simulation separated by electricity meter 
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Once again, the inclusion of REBS drastically increases array size and NPV, as it rewards export 
capacity. The simulation is only limited by the REBS 5kW condition. By comparison, if the 
PRCCC should lose REBS eligibility, a potential solar system is still economically viable at a 
reduced array size of 4.5kW. The other meters, which represent smaller portions of the total 
energy consumption, likewise have smaller optimal systems. Both the Wattle Avenue and 
Beatrice Road B simulations prove economically unfeasible due to the tiny demand at the Lawn 
Bowls Club and Kindergarten respectively. These two systems never pay themselves off within 
the 20-year project life, hence they have negative NPV values.  
 
50 
4.3.1.3 Sensitivity Analysis 
Based on historical tariff increases, the price of electricity is likely to increase in the future [29]. 
Similarly, the price of solar panels and other system components has drastically fallen in the last 
few years [40]. The combination of these two factors going forward, in addition to an increasingly 
competitive installer market, can only make potential systems more attractive to both commercial 
and residential customers. In opposition to these trends, the REBS buyback rate available to the 
PRCCC is not likely to increase in the future and may in fact decrease or disappear as the South 
West Interconnected System (SWIS) is increasingly saturated by solar photovoltaics [41] [42]. 
The simulation was repeated with a 20% increase in electricity prices and a 20% decrease in solar 
module capital cost to demonstrate effects on the economic situation if an optimistic future is 
expected. The REBS buyback rate remained the same for the PRCCC and the simulation was 
repeated with the sensitivity variables singled out for the PRCCC (without REBS) to demonstrate 
the separate effects. Table 4-6 summarises the simulation results. 
 
Table 4-6: Solar simulation sensitivity analysis (Increased tariff, decreased cost) 
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As expected, all systems increased in NPV and decreased expected payback period. This financial 
boost is still not enough to bring the Wattle Avenue and Beatrice Road B systems out of the 
negatives, so they will be disregarded in further simulations. The Victoria Avenue system will 
also be disregarded as the NPV of the project is less than the investment cost. The most promising 
projects are the PRCCC and Beatrice Road A systems, especially if the PRCCC retains eligibility 
with the REBS. If capital costs are substantially higher than predicted, the simulation was repeated 










In this scenario, the systems suffer a reduction in NPV but are otherwise still considered to be 











Load Contribution 49.5% 49.5% 22.4%
Optimal Array Size 
(kW)
10.1 3.4 2.2











9,561.00$              9,762.00$              3,242.00$    
Annual Cost Offset 2,535.00$              1,080.00$              738.00$       
Renewable Fraction 31.3% 11.1% 12.3%




NPV 15,041.00$           6,171.00$              3,741.00$    
Table 4-7: Solar simulation sensitivity analysis (Increased cost) 
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4.3.1.4 Solar Battery 
As explained in 2.1.6, the solar power systems proposed could benefit from battery storage. Up 
until this point in the project, excess energy exported back into the grid either does not generate 
revenue or is sold at a rate substantially lower than the import price. Figure 4-6 illustrates both 
solar output and load demand, which both have strong diurnal cycles that are out of ‘sync’. 
 
Essentially, the solar output can be ‘smoothed’ by charging batteries during the day with energy 
that would otherwise be exported and discharging them overnight to help meet the load. This 
arrangement needs to be balanced to be economically feasible. Comparing how much you would 
make exporting energy to how much you save storing it must also consider the large cost of a 
battery bank, installation, and an inverter. There are a few examples of all-in-one battery inverter 
units, but in general a battery bank will require its own dedicated inverter.  
The bank sizes calculated in 2.1.6 should cover the loads overnight. The feasible systems found 
earlier were re-simulated in HOMER with the addition of a generic lithium-ion battery model 
with capacities ranging up to the maximum calculated. Lithium-ion batteries the only storage type 
considered in this project as it is a promising up and coming technology that has many benefits 
over other batteries, such as high cycle life, deep discharge capability and high energy density 
[43].  
Figure 4-6: Excerpt of load demand and solar output for the PRCCC 
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The pricing was cited from the AECOM Energy Storage Study [41] and ranged from $1.35 to 
$2.35 per watt-hour of capacity. For the initial simulation, the lower price threshold was selected. 
See A.1.10 for battery inverter pricing, which was estimated using a linear approximation of real 
world prices. 
The results from the simulation were unanimous; There is no optimal battery bank that will 
increase the NPV of the systems calculated. In all cases, the initial capital cost significantly 
increased with only a marginal improvement in electricity cost offset. When a battery system was 
forced in the simulation, the results always tended towards the smallest possible storage system 
to drive down the capital cost as much as possible. As all the possible system arrangements 
produced worse results than the PV-only systems calculated above, hence only the results of 






















Load Contribution 49.5% 49.5% 22.4%
Optimal Array Size 
(kW)
10.1 3.4 2.2














9,561.00$              9,762.00$              3,242.00$      
Annual Cost Offset 3,518.00$              1,444.00$              1,142.00$      
Renewable Fraction 42.1% 14.8% 15.9%




NPV (78,254.00)$          (94,686.00)$          (25,198.00)$  




The three buildings with the highest load demands are the only buildings that are economically 
feasible, and only the PRCCC and Beatrice Road A meters have a NPV that is worth more than 
the initial capital investment. 
The Beatrice Road A system would require a capital investment of around $3,400 for a small, 
1kW rated system with 8 solar modules. At a renewable fraction of 12%, the system wastes a 
large portion of generation to grid export which does not generate revenue. The addition of a 
battery system drives capital cost up to unfeasible amounts and even if this increases the 
renewable fraction to 15.9% it is disregarded as an option. The proposed system would easily fit 
on the roof of the Adam Armstrong Pavilion and is unlikely to detract from the aesthetics of the 
building. After 20 years, the system will have offset an average of $738 per year on electricity 
costs, which carries a payback period of around 7 years for a total NPV of $4430, discounted at 
6% per annum. In the likely event that capital costs continue to drop and electricity tariffs increase 
over the next few years, the system only increases in value. To illustrate the point, a 20% increase 
electricity rates and a 20% decrease in solar module capital costs was simulated which reduced 
the payback period from around 7 years to 4.6 years and increased the NPV to over $6800. Even 
if the initial cost was underestimated, the system is still feasible with a 20% increase in module 
capital investment which decreases NPV to $3740 and increases payback period to around 8.6 
years. 
Assuming the Point Resolution Child Care Centre is eligible for the Renewable Energy Buyback 
Scheme, the proposed system would need a capital investment of around $12,500 for a 5kW 
system with 36 solar modules.  This will require almost the entire roof space available on the 
building assuming the area estimates from 4.2.2 are accurate. Aerial imagery of the Reserve in 
Figure 4-7 reveals that several trees and shrubs surround the child care centre (highlighted), likely 
placed to shelter the play area. It is unknown if the shading offered by these trees interfere with 
the North-facing roof space and further investigation will be required if the City of Nedlands 










After 20 years, the system will offset an average of around $2500 per year in electricity costs and 
pay itself off in just under 6.3 years, helped in large part by sales to the grid. The system sells 
about 9000kWh annually which pushes the renewable fraction up to a respectable 31.3% and 
gives the project a NPV of around $17,000.  
Repeating the simulation with a 20% decrease in solar module capital and a 20% increase in tariff 
rates increases project viability by pushing NPV up to around $22,200 and decreasing payback 
period to only 4.3 years. If the module capital cost is increased by 20%, the proposed system 
remains economically feasible with an NPV of around $15,000.  
If the possibility that the PRCCC loses REBS eligibility is considered, then the optimal system 
drops to 2kW with 16 solar modules at a capital cost of just under $6500. This decreases the NPV 
to around $7200 and takes almost 7 years to pay off due to a smaller annual cost offset. As excess 
generation is now wasted, the renewable fraction also plummets to 12%. As with all other cases, 
the system increases in viability if tariffs increase and capital costs decrease, however if module 
capital costs were to be 20% higher than expected, then the NPV drops down to around $6200 at 
which point the value of the system is lower than the capital cost.  
Finally, whether the PRCCC is eligible for the REBS or not, the addition of a battery system is 
always detrimental to the NPV, as it always drops into the negatives. 





The Renewable Energy Buyback Scheme is offered to businesses under certain circumstances 
and allows for the sale of exported energy. The REBS is regularly updated, so it is always 
best to check with Synergy regularly for changes to pricing or eligibility.  This study makes 
no assumption as to whether the Point Resolution Child Care Centre is eligible or not, so the 
simulations were run under both scenarios, however it is likely that the PRCCC is eligible as 
it falls under the C1 tariff scheme, which is reserved for charities and not-for-profit 
businesses. The main points to consider are the fact that the REBS is only offered if the system 
size (Inverter size) is less than or equal to 5kW and that grid sales can be invoiced from 
Synergy at the end of each period (the funds are not automatically paid) [44]. 
One other thing to consider is the possibility of a PPA or Power Purchase Agreement, which 
allows a provider to install a solar system and sell the energy to the customer at a lower rate 
than utility prices. The benefit is that the customer does not have to front the capital cost of 
the system, which frees funds for other investments, however mileage may vary depending 
on the specifics of the agreement. The provider will have their own mark-up on the energy 
sales and return on investment will likely be substantially lower than if the system was bought 
outright. It may be more desirable for the City of Nedlands to pay for their own system overall 




Chapter 5 Project Reflection 
5.1.1 Challenges 
The objective of this project when first proposed by the City of Nedlands in June of 2016, was to 
assess the viability of a wind power system at the David Cruickshank Reserve. In preparation for 
the study, the City installed an ET109 weather monitoring station a year in advance to ensure 
there was sufficient data to work with. After an initial meeting with the City, the scope of the 
project was expanded to consider solar power and battery storage, although the focus remained 
on wind power as the City had previously been assessed for solar feasibility. See A.1.32 for 
project Gantt chart. 
Collecting and Processing Wind Data 
The first few months of the project involved collecting and processing wind data from the Reserve 
and a nearby reference site, being the Bureau of Meteorology’s Swanbourne Weather Station. 
Both sets of data were extremely large, numbering over a quarter of a million entries. There were 
many challenges sorting and processing the data. 
The first major challenge was converting the reference data from half-hourly to hourly data. The 
method used to accomplish this is outlined in Section # in simple form, although in practice this 
process caused major unexpected delays and the project temporarily stalled while this was 
resolved. 
The second major challenge was that the ET109 weather monitoring station recorded dates in the 
US standard format of MM/DD/YY which differed from the reference data. By the time this was 
discovered, a substantial amount of other work had been undertaken which needed to be repeated 
with the correct date format on both datasets. 
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The third major challenge was that the Excel spreadsheet used to conduct the MCP method 
regularly froze and corrupted due to the large processing demands, which also led to the repetition 
of some work. 
The fourth major challenge was sorting the wind speeds from the data into their respective 
direction bins in Step 5 of the MCP method (3.2.2). A macro program was written to automatically 
sort the data, however the process of learning how to write the program was itself time consuming. 
The benefit of putting in the effort to write the program was that any repeated work was much 
faster on the second attempt.  
The fifth challenge was that the MCP method required the STC data to span at least a year to 
cover all the seasons, however the weather station had only started recording data at the end of 
September of 2015. This meant the calculated correlation factors would not be complete until the 
same date in 2016. This halted this line of work and another line was started.  
Finally, the reference data obtained from the Bureau of Meteorology contained large portions of 
corrupted or missing data scattered randomly throughout the set. This was detected early on, 
however correspondence with the Bureau was slow and the clean data was not obtained for some 
weeks. 
Electricity Usage at the Reserve 
The City of Nedlands uses an internet service called ‘Planet Footprint’ that tracks the utility bills 
of each of their managed properties. However, it was not discovered until many months into the 
project that there were many inconsistencies with the reported electricity use and the estimated 
electricity use. For example, it was found that the automated carpark lighting ran each night for 
at least 7 hours. Each fixture is a 200W LED device and the energy audit that was completed 
accounted for 17 fixtures. The load demand of these lights alone was calculated to be around 
24kWh, however the Planet Footprint website reported that the entire Reserve was only averaging 
2.7kWh per day in April of 2016. After some correspondence with the City, the website was 
dismissed as erroneous and the load profile was confirmed against archived utility bills instead. 
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Load Profile and Multiple Electricity Meters 
For much of the project, the combined load profile from all the meters at the Reserve was assumed 
to be sufficient for system design. It was later discovered that all but one of the tariff schemes 
paid revenue for exported energy, and even then, only if certain criteria was fulfilled. Until this 
point, it was assumed that all five meters were subject to the standard residential feed-in rate of 
$0.07/kWh [44]. This misunderstanding added a substantial amount of work towards the end of 
the project as the systems on each electricity meter needed to be designed and simulated 
separately. The original simulations were retained as they help illustrate the effect of separated 
loads, and it was found that the combined simulation for the wind power system was enough to 
verify that it was unfeasible. As the solar power system needed to be split into each of the 
electricity circuits, the overall cost significantly increased as each array now required its own 
inverter as opposed to a single high-rated unit. This pushed all but two of the systems into 
unfeasibility.  
5.1.2 Recommendations 
It is recommended that the City of Nedlands reviews their electricity accounts with Synergy and 
Planet Footprint to correct any errors or uncertainties. Should the City wish to investigate a 
renewable power system further, a smart meter should be installed (a requirement for a system 
regardless) which will allow real time monitoring of electricity usage and other useful features 
(depending on make/model). Further investigation should also be put into the Point Resolution 
Child Care Centre electricity arrangement. In the process of simulating results, it was found that 
it may be cheaper to put the PRCCC account onto an R3 tariff scheme as it would appear that 




PRCCC (No Renewable Power 
System)
R3 Tariff C1 Tariff
Annual Demand (kWh) 36157 36157
Daily Supply Charge 2.21$                0.39$                
On-Peak/Flat Rate 0.387$              0.264$              
Off-Peak Rate 0.1192 n/a
Base Case Electricity Cost 
($/yr)
7,972.38$        9,702.25$        




Chapter 6 Conclusion 
6.1 Summary 
The objective of this study was to assess the feasibility of a renewable power system at the David 
Cruickshank Reserve, with a focus on a wind power. The study was broken down into phases 
which included the collection and processing of data, assessing the load profile of the Reserve, 
and simulating the economics of various solar and wind power systems in HOMER.  
The summary findings are that a wind power system is not feasible for the Reserve due to a 
combination of poor wind speeds, and high capital costs for wind turbines and associated 
equipment. Furthermore, there is no room to install a wind turbine without interfering with the 
sports facilities at the Reserve as a guyed tower requires a large footprint for the guy wires and a 
free-standing tower still needs room to tilt down for maintenance. Once it became clear any 
variation of wind power systems was insufficient for practical power generation, efforts were 
instead directed to assessing solar power. 
The two potential solar power systems that were found to be economically feasible include a 
10.1kW array with 5kw inverter on the PRCCC and 2.2kW array and a 1kW inverter on the Adam 
Armstrong Pavilion. The feasibility of the former system hinges on its eligibility for the REBS. 
If the PRCCC was not eligible for the REBS then the system would be substantially smaller. The 
relatively small system sizes are due to the separate electricity meters preventing energy transfer 
between areas of the Reserve. A sensitivity analysis of these solar systems revealed that whether 
capital costs were overestimated or underestimated, they both remained economically feasible. 
Further to the sensitivity analysis, the addition of a battery storage was only detrimental to the 
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A.1.2 Irrigation Pump Calculation 




A.1.2.2 Irrigation Pump Motor Efficiency 
 
A.1.2.3 Reserve Water Usage 
 
 





CHARLES CT (GUN PARK) 3 2 1 801 1334 1344 1231 1495 424 175 62 999 7871 20625
CHARLES CT EAST 45 132 537 2987 5291 5912 4472 7012 5721 975 566 2 33652 53700
CHARLES CT WEST 35 99 405 3583 5204 4911 2679 6159 4212 1170 869 2 29328 0
CHALLENGE STADIUM 4372 4420 6104 9306 11329 10468 9051 9913 8036 2009 180 9 75197 98250
D.C CRUICKSHANK (BEATRICE) 39 163 658 4155 6985 6583 6596 7058 4982 1278 145 24 38666 80350
D.C CRUICKSHANK (TENNIS) 0 1 265 939 1036 904 2037 1216 1133 559 83 4 8177 0
D.C CRUICKSHANK (WATTLE) 68 186 325 3437 5289 3541 5067 4985 4104 1118 293 64 28477 0
MONTHLY WATER USE 2015/16 (Cubic Meters)
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A.1.3 Combined Load Profiles (By Day) 








A.1.4 Excerpt of the Proven 2.5kW Turbine Datasheet 
 
A.1.5 NASA Irradiance Data 
 
These data were obtained from the NASA Langley Research Center Atmospheric Science Data 
Center Surface meteorological and Solar Energy (SSE) web portal supported by the NASA 
LaRC POWER Project. 
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A.1.6 LTC Wind Speed Correlation Data 














Slope Intercept Slope Intercept
Standard Error (slope) Standard Error (Intercept) Standard Error (slope) Standard Error (Intercept)
R^2 Standard Error (y) R^2 Standard Error (y)
F Degrees of Freedom F Degrees of Freedom
Sum of Squares Regression Sum of Squares Residual Sum of Squares Regression Sum of Squares Residual
0.666082187 0 0.790485043 0
0.006010369 #N/A 0.006680863 #N/A
0.969145918 0.685765879 0.937708521 0.699278109
12281.55337 391 13999.81077 930
5775.705555 183.8774628 6845.765703 454.7605828
0.572165929 0 0.75050394 0
0.007473004 #N/A 0.009652986 #N/A
0.966052006 0.586914999 0.928854712 0.643444674
5862.105269 206 6044.809768 463
2019.314804 70.9606584 2502.678479 191.6917456
0.566983045 0 0.614212653 0
0.011915239 #N/A 0.007862047 #N/A
0.961772132 0.609859339 0.95568654 0.443718108
2264.303404 90 6103.321437 283
842.1587718 33.47355718 1201.657076 55.71866992
0.577379616 0 0.561865398 0
0.013772746 #N/A 0.00872162 #N/A
0.954383656 0.530505575 0.959096062 0.423615883
1757.445261 84 4150.211738 177
494.6086551 23.64063789 744.7572233 31.76272366
0.718132345 0 0.561487863 0
0.01337722 #N/A 0.005082772 #N/A
0.939371988 0.714462812 0.971731984 0.387184441
2881.888805 186 12203.36292 355
1471.080631 94.94502246 1829.427999 53.21868601
0.832668499 0 0.745145093 0
0.01481697 #N/A 0.003231573 #N/A
0.922854322 0.800745989 0.977964343 0.646310787
3158.097096 264 53168.42957 1198
2024.953349 169.2752528 22209.39057 500.4257247
0.616495357 0 0.779548671 0
0.01000294 #N/A 0.003659032 #N/A
0.904941866 0.651860158 0.97846442 0.660463408
3798.431459 399 45389.34957 999
1614.035821 169.5437444 19799.37504 435.7757017
0.638340987 0 0.692040037 0
0.003575841 #N/A 0.005396828 #N/A
0.944376243 0.683846616 0.973880841 0.624362374
31867.57448 1877 16443.15752 441




















A.1.7 LTC Wind Direction Data 
A.1.7.1 Linear Regression Relationship 
 




A.1.8 LTC Data Statistics 




Average of LTC 
Windspeed (10m)
Average of LTC 
Windspeed (15m)
Average of LTC 
Windspeed (20m)
12 AM 2.994 3.426 3.639
1 AM 3.072 3.514 3.733
2 AM 3.114 3.563 3.785
3 AM 3.148 3.602 3.826
4 AM 3.157 3.613 3.837
5 AM 3.162 3.618 3.843
6 AM 3.188 3.648 3.875
7 AM 3.256 3.725 3.957
8 AM 3.322 3.801 4.037
9 AM 3.361 3.846 4.085
10 AM 3.402 3.892 4.134
11 AM 3.515 4.021 4.272
12 PM 3.682 4.213 4.475
1 PM 3.876 4.434 4.710
2 PM 4.057 4.642 4.931
3 PM 4.124 4.718 5.012
4 PM 4.052 4.636 4.924
5 PM 3.786 4.332 4.601
6 PM 3.404 3.894 4.137
7 PM 3.066 3.508 3.726
8 PM 2.878 3.293 3.498
9 PM 2.839 3.248 3.451
10 PM 2.847 3.257 3.460
11 PM 2.911 3.331 3.538
Grand Total 3.342 3.824 4.062
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A.1.10 Battery Inverter Pricing Approximation 









3 3829.1 SMA SI3.0M-11
4 4248.2 SMA SI4.4M-11
5 5080 Latronics LS5048
6 4777.3 SMA SI6.0H-11
7 6190 Latronics LS7048
15 5050 Fronius Symo 15.0-3-M
17.5 5800 Fronius Symo 17.5-3-M
20 6170 Fronius Symo 20.0-3-M
7 3685 Fronius Symo 7.0-3-M
12.5 4710 Fronius Symo 12.5-3-M
3 2684 Victron 24/3000/70-16
8.2 3650 Fronius Symo 8.2-3-M
2 1448 Victron C24/2000
15 6919 SMA STP15000TL-10
20 6303 SMA STP20000TL-30
25 8404 SMA STP25000TL-30
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A.1.11 Inverter Pricing Approximation 




Rated Price (AUD Make Model
3 2294.32 SMA SMA SB3000TL-US-22
4 2558.59 SMA SMA SB4000TL-US-22
5 2804.46 SMA SMA SB 5.0 US Inverter
10 4136.34 SMA SMA SB10000TL-US-22
15 6919 SMA SMA STP1200TL-10
20 6303 SMA STP20000TL-30
25 8404 SMA STP25000TL-30
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A.1.20 2.5kW Wind System Combined Load (R3 Tariff) 
A.1.20.1 Electrical Data 
 




A.1.20.3 Cost Summary 
 




A.1.20.5 Economic Results 
 





A.1.21 2.5kW Wind System Combined Load (C1 Tariff) 
A.1.21.1 Electrical Data 
 




A.1.21.3 Cost Summary 
 




A.1.21.5 Economic Results 
 





A.1.22 9kW Combined Solar System (R3 Tariff) 
A.1.22.1 Electrical Data 
 




A.1.22.3 Cost Summary 
 




A.1.22.5 Economic Results 
 




A.1.23 12kW Combined Solar System (C1 Tariff) 
A.1.23.1 Electrical Data 
 




A.1.23.3 Cost Summary 
 




A.1.23.5 Economic Results 
 




A.1.24 PRCCC 4.5kW Solar System (R3 Tariff) 
A.1.24.1 Electrical Data 
 




A.1.24.3 Cost Summary 
 




A.1.24.5 Economic Results 
 




A.1.24.7 Sensitivity Analysis: (Increase Tariff, 
Decrease Capital) 
 










A.1.25 PRCCC 11.2kW Solar System (C1 Tariff) 




A.1.25.2 Load And Generation Plot 
 





A.1.25.4 Generator Data 
 
 




A.1.25.6 Base Case 
 





A.1.25.8 Sensitivity (Increase in capital costs) 
 








A.1.26 Beatrice Road A 2.24kW Solar System 
A.1.26.1 Electrical Data 
 




A.1.26.3 Cost Summary 
 




A.1.26.5 Economic Results 
 




A.1.26.7 Sensitivity Analysis: (Increase Tariff, 
Decrease Capital) 
 










A.1.27 Wattle Avenue 1kW System 




A.1.27.2 Load And Generation Plot 
 




A.1.27.4 Generator Data 
 




A.1.27.6 Base Case 
 





A.1.28 Beatrice Road B 1.12kW System 
A.1.28.1 Electrical Data 
 




A.1.28.3 Cost Summary 
 




A.1.28.5 Economic Results 
 




A.1.28.7 Sensitivity Analysis: (Increase Tariff, 
Decrease Capital) 
 
A.1.29 Victoria Avenue 1.12kW Solar System 




A.1.29.2 Load And Generation Plot 
 




A.1.29.4 Generator Data 
 




A.1.29.6 Base Case 
 





A.1.30 Excerpt of Half-Hourly to Hourly LTR Data 
Conversion Spreadsheet 
 
A.1.31 Excerpt of Statistical Noise Function Added To 
Load Estimation 
 
DateTime Reference Direction Reference Wind Speed Continuous 1 Continuous 2
1/1/2015 0:00 90 4.722
1/1/2015 1:00 90 4.861 90.000 90.000
1/1/2015 2:00 90 5.556 90.000 90.000
1/1/2015 3:00 101.5 4.583 112.500 90.000
1/1/2015 4:00 101.5 3.333 112.500 90.000
1/1/2015 5:00 101.5 2.639 112.500 90.000
1/1/2015 6:00 90 2.639 90.000 90.000
Swanborne Raw Data (Hourly, Averaged) Conversion Helpers
Veranda Total Load (kW) Random Noise* Total Load With Noise (kW)
0.728 31.0499 1.009604476 31.3481
0.728 31.0499 1.006272357 31.2447
0.728 31.0499 0.894194675 27.7647
0.728 31.0499 1.063138395 33.0103
0.728 31.0499 0.93354278 28.9864
0.728 31.0499 1.043273717 32.3935
0.728 31.0499 0.942829025 29.2747
0.728 31.0499 1.069657217 33.2127
0.728 31.0499 0.998485645 31.0029
0.728 31.0499 0.968332627 30.0666
0.728 31.0499 0.946841537 29.3993
*Noise generated using "1+(RAND(Data)+RAND(Data)+RAND(Data)-1.5)/10" 
which has a mean of 1 and an SD of 5%
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A.1.32 Gantt Chart 
 
